examined retrospectively. The underlying diagnosis was coronary artery disease in 11, dilated cardiomyopathy in three, presumed myocarditis in two, and there were single cases associated with polyarteritis nodosa, Churg-Strauss syndrome, sarcoidosis, irradiation, and alcoholic cirrhosis. Coronary artery disease was diagnosed by coronary arteriography or directly at necropsy or at the time of cardiac transplantation. In the remaining nine patients, three of whom had long standing hypertension, we cannot say whether or not coronary artery disease was present, because there was no clinical indication for coronary arteriography. All 60 (40) ms). By contrast, the onset of mitral regurgitation could precede or follow mitral closure, the mean interval between the two being 8 (40) ms. The mean value of effective filling period was thus 275 (135) ms, reproducibility 6 (17) ms, which again correlated strongly with the RR interval (table and  fig 2) . In seven patients the effective filling period was <200 ms. Their average age (45 (15)) was no different from that of the whole group. They all had functional mitral regurgitation. Two of them had myocarditis, one each had heart disease caused by coronary artery disease, irradiation, or polyarteritis nodosa, while a definite diagnosis had not been established in two. Two had left bundle branch block. In six, the RR interval was in the range 480-590 ms; in the seventh, it was 740 ms, and in this patient the effective filling period was short because mitral regurgiation-lasted560 ms, extending 160 ms beyond A2 DIGITISED M MODE ECHOCARDIOGRAMS On the digitised M mode echocardiograms, the peak rate of dimension increase was 7-5 (3 8) cm/s. Seven values were within the normal range and the remainder were below. The rapid filling period was 150 (45) ms, with values below the normal range in 11 and above it in one. The peak rate of wall thinning was very low (3 5 (2) cm/s) and values from all but four patients were below the lower limit of normal.
The interval from minimum cavity dimension to mitral opening was 3 (40) ms, which was not significantly different from normal. There was wide variation between patients, however: mitral opening was abnonnally delayed in seven, and was premature, occurring up to 80 ms before minimum dimension, in six. Finally, phase relations between the peak rate of dimension increase and peak flow were abnormal during rapid filling, when the normal delay in peak filling velocity with respect to peak rate of dimension increase (50 (15) ms) was lost in 10 patients.
WITHIN PATIENT COMPARISONS
We recorded at two different heart rates in eight patients. With a mean fall in RR interval of 155 (110) ms, the non-MR interval shortened by 105 (130) (95% confidence interval 45 ms) and mitral valve open time by 105 (90) (95% confidence interval 60 ms), while isovolumic relaxation time, and the duration of mitral regurgitation and its persistence beyond A2 were all unchanged.
Discussion
Although impaired systolic function is usually held to be the main cause of the dilated left ventricular cavity and reduced ejection fraction seen in patients with severe heart disease,' diastolic abnormalities have also been described. The peak rate of pressure decline during isovolumic relaxation was reduced9 and the time constant of pressure fall was prolonged.'0 Although the peak rate of increase of ventricular volume during early diastole was usually normal," the peak rate of dimension increase was often low, and in many patients the early rapid filling period was short.9 12 Finally, left ventricular passive stiffness was increased, both when expressed as cavity compliance or as a myocardial stress-strain relation." These abnormal measurements, however, do not necessarily define independent disturbances of diastole. When left ventricular filling pressure is raised, as it often has been in reported cases, isovolumic relaxation time may be very short or even zero,4 so that the fundamental assumption underlying the use of the time constant of pressure fall as a measure of relaxation, namely that the ventricle is isovolumic for the period over which the calculation is made, does not necessarily apply. At a constant transmitral flow rate, the peak rate of dimension increase is inversely-proportional to the square of the dimension, so on simple geometrical grounds it will be low when the ventricle is enlarged. "Normalisation" to unit dimension by calculating the velocity of circumferential fibre shortening or lengthening merely increases the discrepancy, making the peak rates of dimension increase sensitive to the cube of the dimension. Finally passive stiffness can only be calculated when pressure and volume increase together. This does not occur until late diastole when heart rate is low'4 and may not do so at all when it is rapid.
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In our study, therefore, we examined the effective left ventricular filling period, an aspect of diastolic function that is independent of increased cavity size, heart rate, or isovolumic relaxation time. We defined it as the period during which the mitral valve was open and retrograde flow had ceased, assuming that there is no forward flow from atrium to. ventricle in the presence of mitral regurgitation. In several patients, this effective filling period was very short, and in seven, it was < 200 ms. In healthy individuals, left ventricular filling time varies with heart rate. It shortens with tachycardia caused by exercise or atrial pacing, reaching a minimum of 100 ms.5 Ventricular filling may be very rapid, therefore, when diastolic function is normal. In patients with left ventricular hypertrophy and associated diastolic disease, filling time does not drop below 200 ms, even when heart rate is high; the extra filling time is found within the RR interval by shortening isovolumic relaxation time. Diastolic abnormalities in our patients differed from those seen in patients with hypertrophy. The isovolumic relaxation time was usually very short or even zero at rest rather than being increased, and the early diastolic filling period was either normal or short, rather than prolonged. Nevertheless, phase relations between transmitral flow velocity and dimension changes were often abnormal. Rapid wall thinning, intimately related to rapid ventricular filling under normal conditions,'5 was much lower than would have been expected from cavity dilatation alone. Mitral valve opening was often delayed in relation to minimum cavity dimension, indicating incoordinate relaxation.'6 Finally, changes in cavity shape, which also form a prominent part of normal ventricular adaptation to rapid filling, are likely to have been absent in our patients.'7 Superimposed on such abnormal diastolic function, therefore, a filling period of < 200 ms might be expected to limit ventricular inflow directly.
A striking feature of the functional mitral regurgitation in our patients was that it lasted > 500 ms.
Though the QA, interval was normal, retrograde flow was prolonged beyond the end of ejection into what would normally have been isovolumic relaxation. In our patients, however, isovolumic relaxation was usually short or even zero. This led to the paradoxical finding in most that the mitral valve was open in the face ofcontinuing regurgitation (fig 1) . In addition, the excessive duration of the regurgitation was little affected by heart rate. Filling time thus became very sensitive to tachycardia, shortening by 80 ms for each 100 ms fall in RR interval. As heart rate rises, therefore, the cardiac cycle becomes increasingly occupied by mitral regurgitation, and filling time becomes disproportionately shortened (fig 2) . This effect ofheart rate was seen whatever the Ng, Gibson cause of the ventricular disease, pointing to the dilated cavity itself as a possible cause. The effect of age on the duration of mitral regurgitation and its continuation beyond A, suggests that filling might be more frequently disturbed in older patients, but we found no evidence of this. Presumably the duration of mitral regurgitation reflects the period during which myocardial tension develops in the left ventricle, though we do not know why this is so strikingly prolonged. Perhaps the time course of deactivation'8 is modified by the abnormal pattern of development of systolic stress in a dilated ventricle or by the loss of # adrenoceptive receptors found in "failing" human hearts removed at the time of transplantation.'9 Certainly, our results accord with the disturbed calcium handling described in vitro in myocardium from patients with severe ventricular disease.'0
In some of our patients, therefore, cardiac output seemed to have been limited not directly by systolic disease but by ventricular inflow. When filling time is short, mean flow rates across the mitral valve must be rapid to maintain stroke volume, and this means that acceleration and deceleration rates must be correspondingly high. Such rapid changes in blood velocity must, on a simple physical basis, be accompanied by considerable pressure drops along the direction of flow. This leads to conditions closely resembling those seen in rheumatic mitral stenosis, when ventricular filling also depends on a high pressure difference between left atrium and left ventricle. In both conditions cardiac output may be low and arterial pressure maintained only by raised peripheral resistance, effectively increasing ventricular afterload. This may explain the reduced ejection rates seen in mitral stenosis and the tendency for cavity size and filling pressures to fall after successful operation." Sometimes these changes may be very striking, with a remarkable increase in ejection fraction and fall in end diastolic pressure." If ventricular function was modified in the same way in our patients, the low observed ejection fractions might have been caused in part by this secondary increase in resistance to ejection and not exclusively by left ventricular disease. These similarities could be summarised by suggesting that our patients had "temporal" mitral stenosis to emphasise how much they resemble those of the well recognised "spatial" variety.
The filling period was not short in all our patients. The heart rate was low in some indeed limit cardiac output, it would be reasonable to treat it. One way would be to reduce the heart rate; such an action might explain the favourable response to fi adrenoceptive blocking drugs seen in a minority of patients with dilated cardiomyopathy. Figure 3 shows an example of such a patient who greatly improved with metroprolol as the filling time increased by a factor of more than three. 
